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Outside plant for a long-distance telegraph or telephone system is typified by the cross-country pole line. 
A paper on the over-all planning of telegraph systems will be found on page 175. 





Intelex Improves Reservation System 


of Pennsylvania Railroad 


ESERVATION ol 


time-consuming 


space on trains can 


be a and, hence, ex- 

pensive process to both the traveler and 
the railroad. A great deal of thought has been 
given to making it a quick, reliable, and simple 
procedure, and there has recently been installed 
for the Railroad a 


based on Intelex' equipment, modified to meet the 


Pennsylvania new system 


particwar requirements of railroading. This in 
itial installation in Pennsylvania Terminal in New 
York City, 
world, now handles all reservations for the seven 
daily trains to Chicago from New York City and 


Newark, New 


information to the 


the largest reservation bureau in the 


Jersey 


(setting ticket clerk on 
what space is still available on each train is one 
of the most serious problems \t the present 
time, this is done by having the ticket clerk tele 

phone the reservation bureau where the diagram 
cards for eac h car in the train are che« ked for the 
desired space 


With 


number and listens to a voice, 


dials a 


magnetically re 


Intelex, the ticket clerk code 


corded, that informs him of all the space avail 


ible on the train in which he is interested 


J. D 
Automatic 
pp 220-231 


Mountain and f M. S. McWhirter 


Reservations,” Electrical Commun 


September, 1948 
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is estimated that 
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Radio Provides Direct Communication 


to Erie Railroad Trains 


VER the past several years, the Eric \ second service ts 
Railroad, which provides freight and ains. This enables crews 
passenger service between New York anv unusual conditior 

City and { hix ayo, h is been active ly engaged in pass on parall i trac ks 

extending its wire-line communication network Phe third provision 

to moving trains through the use of mobile radio tion between 

equipment The disp atk her has ch irwé 
I here are four ty pes ol service en OM Passe d by approximate ly 100 miles « 


its recently installed radio system. First, is a his orders over a “‘party 


communication path between the locomotive and cuit connecting all im 


the caboose of a train. Formerly, the conductor — signal towers. With radu 


in the caboose had to depend on hand or lantern ed to the moving 
signals to notify the engineer of any undesirable station nearest the 
condition \ fourth use 

\ curving right ol-way, fog, or sumilar con due to weather 


dition could disable this signaling svstem and line fails. Radi 


the conductor would be compelled to open an system and will} 
air-brake valve if it were necessary to halt the been con pole ted 
train. The interest of the engineer in keeping the Over a route 
train in motion and that of the conductor in about 85 percet 


stopping it frequently resulted tin broken knuckles avsi transm 


and drawbars and 30 miles ay 


passed ¢ ch 
that the |» 

tWO-way cfr 

becarne 


Was 
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Telegraph System Planning 


P. BANCROFT 


“A SSENTIAL information is given to enabl 
field engineers to make sound funda 
mental plans for modern national 

private-line telegraph systems and to se 


equipment best suited for each specihe apph 2 Private-Line SysTeMs 
cation 
Private-line telegraph systems 


interconnect main and branch offices 


Historically, telegraph systems were, ; in similar elements of a business. The 
: . r | eagr @ a4 

many cases still are, based on single-wire ground operates the terminal equipment an 

; , ie - bans 

return circuits. Where long circuits were in ble for all phases of trathe han 


lie I}, 
lacitities are normall 


volved, economy dictated the use ol apparatus 
and operating methods that would permit maxi system although in 
mum trafic to be moved over each circuit 

Multiplex systems, such as the Baudot and 

Murray, operated duplex, produced economies } INTERCOMMUNICATING 


over earlier methods but still left the circuit and 
Intercommunicat 


le localit 


associated equipment Costs as 1 substantial 
t sing 

portion of the total message-handling costs. In : 

governm 


} 


where 


creasing labor and mater il costs in recent vears 


have emphasized the need for further improve 
mas 
} 


subscriber 


ment of efthcency It is, therefore, of utmost 


importance that changes and improvements in : 
ser commonly ow: 
telegraph systems be undertaken oer, Sams : 
; erga : 1 : nationwide service, however, 1s usua 
sound fundamental plans have been mad 


much the same manner as telephone 
national company 
1. Basic Considerations iki 


iph is contrasted wi 


may be classed as an emergency serv 
s principal stocks in trade speed uracy 2. Quality of Service 
convenience. Systems may be : : 
: Telegraph trath« 
\ | 


under three main headings : 
in nmitormiy 


our 


1.1 Puspuic Mrssace Systems 


Public message systems are generally national 


in scope and frequently include international — traffic periods 

connections \ ith d spat h ind ethmency, mes The qu lity e desired | 
sages in record form are collected from and varies. Most commercial and soci 
delivered to members of the general public be considered as being handled satis 
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this origin 
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the period covered 


ire sorted accord 


W here 
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very closely the pattern ot toll telephone trath 
particularly as to holding time or length of call 
Thus, in collating and evaluating traffic statistics 


in terms of facility requirements, the same 


procedures are followed as are in common use in 
the toll telephone tield 
Vsis ol 


It should be obvious that the final anal 


the traffic data should be based on a knowledge 
of the type of equipment and methods of opera 
tion that are contemplated in the final system 
However, betore dec iding on the equi pine nt and 
ot 


studies 


system to be adopted, preliminary 
be 


over-all picture of the problem. For example 


traffic statistics should made to obtain an 


if 
is desirable to know the principal offices at which 

and the 
ot 


traffic originates, their relative location 


volume of traffic between each pair them 


This can be easily done by indicating on an out 
line map the location of the main trafhe centers 
and either directly on the map or tn tabular form 
laid, 


agauy trafic between each pair of 


the 


the volume ot 


figure only 


Phe 


it offices contiwuous [to the me” 


the 


m, using as a preliminary 


originating trathc at eac h center secondar\ 


traihc, originating 


1 normally 
and added to 


the principal traffic when the system layout takes 


main centers and which would 


pass 


through them, « in be determined 


a more complete form 


4, System Selection 


4.1 


(sENERAI 


d ita to the 


Having 


extent of determining 


analyzed the basic traffic 


the probable major centers 


the system, it is next necessary to select the 


met 


od of operation through which the required 


quality of service can be given most econom 


{ ally However proceeding with the 


selection of operating methods, it is consideres 


pertinent to discuss in general terms some 


tools that are available for incorporation 


modernized system as we II as some cost ¢ 


that may well determine the final selection 


4.2 PRINTER DEVELOPMENT 


Che first important advancement in automatic 
the Hughes 


em 


introduction of 


Chis 
ke 4 board 


operation was the 


printing telegraph system system 


ployed a piano-type with a key for 


followed 


ind later th 


mitted 


operTati 


number ot 


pt 
w 


the 


Experience 


lieht on oO} basi 


telegraph operation, namely 


personnel efhiciencs 


traffic channels 


not exceed that « 


a single receiv 


or 
Experience has 
sustained speed lor KX] 


yt iodern 


erators 


LSsIf 


ranges between 70 

Multiple xX equipment 

direction 

minute i 

irtery at 600 words perm 


single 


1200 messages of 30 words each 
Probably the THOS 


equipment development was the pert 


timportant st 


modern tele pri 


i tape of i page 


nits iré 


100 


capable o 


speeds of words 


common operating ran 


per minute. These m 


sO as to provide a home record or the 
ident 


may be split to provide indepen 


and recording operation 





i norm il voice 


be obtained 


wire carrier telephone systems employ 


frequencs bands for voice tr LISMmission 
directions thereby providing the 
4-wire voice circuits. For this 


‘ ' 


full 18-channel voice irequency tel 


system can be operated over each carrier 
telephone channel In the standard 12-channel 
ypen-wire or cable carrier telephone systems, the 
ismitted is sufficiently wide to 

interlerer ' } t t 24 voice-lrequency telegraph 


o be oper ited on each of the 12 tel 


has | ¢ been used f legraph com 
tron between places so situated that the 
tion of lin her impossible or im 
Recent i rhe inf dio techniques 
creased the field of application 
iterially improved the reliability of radio 
Mode rr ic o links mas bn used In mu h 
is other ti circuit links 

stem. How 


bt 
iken of the suscepuibility 


und, it 
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of time-division multiplex (Baudot) up to 4 


teleprinter channels 
Where more than 4 traffic channels are needed, 
requirements can be met by using radiotelephone 


transmitters and modulating with up to 24 


channels of voice-frequency carrier telegraph 


Voice-frequency carrier telegraph installation in a modern Western Union Telegraph Company 


ot carrier equipment 


this sideband transmission 


prov ides important advantages from the stand 


For purpose, single 
point of bandwidth and signal-to-noise ratio at 
the expense ol some increase in equipment costs 

Phese adapted for 


types of equipment are 


point-to-point operation and can be expected to 


The 


radiating 


give reliable service under most conditions 


type and power of the equipment, 
system, and choice of transmission frequenc i¢s 
will depend on the distance between stations and 
the intervening topography. For line-of-sight or 
slightly greater distances, equipment operating 
band (30 to 300 


be employed and as many 


in the very-high-frequency 
megacycles) may 
telegraph channels as may be required can be 
provided by superimposing voice-frequency car 


rier telegraph on radiotelephone links. 


Ste Ln ew 


PLANNING 


Vain Trunk Circua 


bn roy 


Main 


radio systems operating 


trunk-line circuits can I 


in the ultra 


high-frequency bands (300 to 30,000 megacycles 


1 hese svstems are essentially broad band and 


when necessary, employ repeaters located 


(foe ae 


office 


left) mounts 8 channels. The test board is at the right 


High 


interter 


line-of sight intervals be tween terminals 


directive antennas result in little, or no 


ence between systems even where the 


frequencies are used. Multichannel operation 


obtained by dividing the broad band on 


basis 


or ire que ney 


Chere are a number of systems employing 


division, the two most prominent being referred 


to as pulse-time modulation and pulse-cocdk 


modulation. A pulse-time-modulation system 


has been developed to provide up to 23 telephone 


channels, each suitable for carrying up to 24 


voice-frequency carrier telegraph channels or a 
552 telegraph channels. It is 


total capacity ol 


relatively economical to drop one or more tek 
phone channels at a re peater point Pulse-code 


modulation systems are still in the development 
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' 


ways. Right-ol-way and real-estat t 


¢ Oosts are pot 


included. However, for anv wiven territory the 


relations shown should hold with sufficient 
aceuracy to permit selection of the 


nomical arrangement 


4.4.2.1 Line Costs 


Figure 1 shows the effect 
conductors on the cost per 


using the cost per wire of a 2-wire line as the b 


ol comparison \ll costs for labor and materials 
for the various sizes of line constructed under 
iverage conditions have been included. The 


cost of construction ts for new high-erade lines 


suitable for carrier operation and built to with 
stand a load of 0.25 inch of ice and an 8-pound 
wind (medium loading). This curve shows clearly 
the economies to be realized in cost per unit 


length of wire as the number of wires is increased 


PERCENT OF COST BASED ON 2-WiIRE LINE 


4.4.2.2. Line and Equipment Costs 

The curves of | igure 2 show the ef 
cost per unit length of telegraph 
increasing the number of circuits o 


route tor three methods ol Operator 


i 


NUMBER OF WIRES circuit lengths between 125 miles (201. k 


Relative cost per wire for meters) and 1000 miles (1610 kilometers Phe 


tween 2 and 60 conductors of 0.104-inch « ased o cost of 2 dupk x circuits operated on phy 


the cost per wire of a 2-wire line 
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enpecwam 


eee 
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Figure 2 omp tive tnitial cost per 
cireult-mile using three types of transmis- 
sion equipment over distances between 125 
ind 1000 miles. Two-circuit duplex opera 


tion over pt vsical wires is the basis of the 


| 


. 


comparison he cut ‘ duplex 
on physical multiplex (with 


sical wires; and 
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FIRST COST IN PERCENTAGE OF A DUPLEX CIRCUIT 


345 10 20 
NUMBER OF CIRCUITS 





increas 


subst anti 
rough the use of 
where large 
When first costs 


stems should he 


iter flexibility 
f opera 


and markedh 


i! 
will usually meet 


though in some cases com 


ms and phys 


sound 


the 
i given number of 
mallest charges 
this angle, the 
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elerred to 


same order as 


voice Irequene \ 
j 


conduct 


voice-Treque 
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Both physical duplex and multiplex circuits methods for as few as 3 or 4« 
operate in the band of frequencies where trans- as short as 50 or 60 miles 


mission is most affected by changing line condi 


; 447? sdio Plant Cost 
tions. In both cases, circuits are operated with #3 Radu eC 
ground return and such circuits are seriously Cost comparisons for radio depend ¢ 
affected by induction from other telegraph cit variables peculiar to each installat 


cuits, by adjacent power lines, and by variations difficult to arrive at general figure 
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nitial cost per circutt mile for adding terminal equipm 


e-frequency carrier 


in the earth’s magnetism. Close supervision is those presented for 

needed il duplex balances and other essential larly true of the ty jn 

operating conditions ire to be maintained and section 4.3.2 Even for 

serious circuit failures avoided. This requires variables are too gre 

substantial staffs for testing and regulating Some factors that 
Carrier telegraph circuits, on the other hand in determining radio « 

operate on a metallic basis and in the range of | some of them may 

frequencies where lines are far more stable under conditions 

varying weather conditions. The carrier equip- 

ment itself is extremely stable. As a result, voice 

frequency carrier telegraph circuits operate tor 

long periods of time without attention or failure 

Thus, from an operating point of view, carrier 

operation is both more satisfactory and more 

economic al In fact, the e onomies are sufficient 

to justify carrier operation even when initial 

installed costs are substantially higher than for 

other methods \ll factors considered, carrier 


telegraph operation should prove in over other 
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rhe ap 


cycles for carrier telegraph purposes 
plication of this equipment to a telephone circuit 


deteriorates the Speer h quality only slightly it 


> 


is possible to obtaia up to ¢ voice-irequency 


carrier telegraph circuits over each telephone 


circuit by this method 


has bene n directed 


Phe preceding discussion 
primarily at first costs of providing entirely new 


Where in 


considerations enter the 


operating plant exists, other 


picture and may change 


plant 


the final arrangement to some extent, depending 


largely on the nature of the existing outside and 


inside plant 


Po an overwhelming extent, telegraph systems 


were developed on the basis of using single-wire 


round-return Only relatively recently, 


re circuits 


con 


has copper begun to replace iron as the 


ductor. Iron circuits are not suitable for carrier 


operation and in my modernization program 


properly tr insposed eon 


must be replaced by 


ductors ol suitable materials such as copper 


bronze Copperwe Id. ¢ oppet conductors 


read\ i ind in good condition 


paired and transposed to fit satistact« 


the modernized plant. When modernizing a 


previously used for nonpaired telegraph circuits 


it 1s frequently necessary to reconstruct portions 


to obt in pole lox ations and spacings 


w properly transposing the line for 


operation. It is well to keep in mind that 


number of carrier circuits are transm 


l 


rv few wires and these lines must be 


to insure reliablk ininterrupted Service 
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4.6.2 \/ mual Relay 


M mu il 


record form 


relay ft 


i 


words, ¢ 
ind iiter 
to tally with the 


manu ills 


message torm 


wain transmitted 


relay, thus, involves the 


«is well is means ior pn 


message trom one Of} 


This is general 
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Another disadvan 
tage of this method of 
operation is that each 
manual handling, 
whether it be receiving 
the message or trans 


muitting if, 18 a source 


of possible error. Thus 


where many such han 
dlings are necessary, 
very careful checking 
ind supervision are re 
quired if a satisfactory 


lard of ac 


high stam 
curacy is to be main 


tained 


16.3 Tape Relay 


In the tape relay 
system, incoming mes 
saves are recorded ona 
perforated tape and 
this tape controls the 
transmission of the mes 
sage over the outgoing 
circuit \s messages are 
manually transcribed 
only once, the chance 
of operator errors 1s 
substantialls reduced 
Several types ol tapx 
re | i\ systems h ive 
been developed the 
differ primarily 


ree to which 


lay svstem, 
repertorators 
that one 


nes When 





wovided for activating these transmitters for operator, the reduction 
x 


transmission of any message held therein. If no more than offsets increased 


message is in any particular instrument, then the tional equipment. The 
automatic switk hing equipment causes the circuit forated t pes | 
to be connected to the next one and so on until pedited 
each in turn has had access to the outgoing 
circuit 
This arrangement greatly reduces the immount 
of labor at the relay center as all the operator \ third Ld p 


' 
deseribed 


tit but 


has to do is to determine the message destinatioi just 
and place the pertor ited tape in the correct signals n the pertorater 
transmitter. Likewise, the amount of equipment. matically the prope: 
required is not excessive. It has the disadvantage eliminating almost completely 
of handling numerous small lengths of per for operating personnel at re 
forated tape and requires careful supervision to increase in equipment over push-button 
avoid loss of messages ing Is requ red but not enough to os 
resulting from re Is In Operat 
4.6.3.2 Push-Button Switching reality, sa ' My automa 
" inder tape rela 
The second type of tape relay system, known nantly because it s pertorated 


as push-button switching, eliminates the han relaying medium and does not 


dling of loose pieces ot perforated tapx In this n-to-destination communicat! 
system, the receiving positions are connected to termediate retransmission 
the outgoing positions through high-speed intra 
office circuits. There is a transeffice transmitter 
associated with each receiving typing reperfora 
tor and a transoffice reperforator with each \ny telegraph system must 
outgoing transmitter. By operating a key, the messages for correcting mutilated 
transmitter at the receiving position miay manual systems, it is necessary 
switched to circuits leading to any of the re query the last office from which 
perforators associated with the line transmitters message was sen In 
lo avoid congestion, the transoffice circuits perience has shown that such reques 
operate at speeds approximating twice those of directed to the office at which 
the line circuits. Safeguards are provided to originated. This frequently requires 
prevent one switching operator interfering with through intermediate relay ofhces 
another in case both attempt to use the same 
transoffice reperforator. When the key switching 
the transmitter is Oper ited, the circuit is checke 
and, if not busy, transmission proceeds 
that circuit is busy, however, the transmitter 
held noperative until the circuit becomes 
End of message signals perforated 
stop the transofhce transmitters at 
each message thus minimizing the 
messages being directed to the wrong « 
circuit due to failure to stop the transmitter 

his system requires extensive central-offies 


equipment both of the printing-telegraph ty 


” 


I 
such as re pertorators and transmitters and of the 


automatic switching variety. However, because 


of the small amount of work required of the 





lirector circuits may be used in the 


xl for the same purposes as in 


na 


pri exc hanet telephone system 


, 


Permutation-Code 
: ohn j 1; : = the 
mutation -coce ! ! In systems, the 


keyboard is to send the ¢« illing 


the exchange v little special 





4.6.4.3 Circus Requirements and it is the s3 
i . assure that suthecien 
In automatic switching systems, the telegraph 
. ‘ provided to Keep tf 
circuits are operated on a half-duplex basis, i. ; 
telegraph transmission in only one direction at a 
time. Likewise, circuits must be provided on a 
basis that will avoid frequent busy conditions 
particularly during heavy-traffic periods. This 
naturally results in rather inefficient use of the 
telegraph circuit capacity and in requirements 
for large numbers of circuits between principal 
trafic and switching centers. This increase in 


circuit requirements is offset by reductions in 
central-office equipment costs and in operating 
personnel, which are usually sufhcient to justify 


the use of automatic switching 
i 


tending toward s« 


4.6.4.4 Overload Provisions is severe as we 
ig customer. Tt 


\utomatic switching systems designed 
vided, thereto: 


handle public message traffic must provice 
means for dealing with peak trathc loads. This 


is usually accomplished at switching centers by 


providing reperforators to which calling lines are 


switched when a call encounters a busy condition 
he message, thus stored in perforated tape, can 


be forwarded either automatically or manually \n economi 
is soon as the outgoing circuit becomes tree be made only 


lhe tape relay systems automatically provid ind the number 


storage al relay points both between the receis quantity ot 


ing reperforator and the transoffice transmitter of operat 
ind between the transoftice repertorator and the a determinat 
iddition t 


volved 


line transmitter and are thus capable of handling 
large overloads it some sacrifice in speed ot 
service 

\ certain amount of delay will occur during 


these peak periods because of the tape storage 
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the traffic-handling capacity of such trunks. The 
first alternative consists in using tape storage for 
transferring messages from the switching svstem 
to the small offices, In this wav. at the cost of 
some delay, trunks to the smaller offices may be 
more efficiently loaded and their number reduced 
Che second alternative is to provide for repeated 
hunting, which can be continued for a prescribed 
time before a busy condition is ale lf 
hunting is continued for a period equal to the 
normal setting-up time tor a call, a substantial 
increase in trafhie capacity of the final trank can 
be realized without appreciable increase in hold 
ing time over the main trunks beyond what it 


would be when repeat tries are necessary because 


of immediately sending back the busy condition 


Eguarep Busy-Hour Messacres Tat 


NOTES 


1. The probability of loss is expressed in 


hour attempts when busy-hour messages « 


ircuit group are as 
1220 completed 
attempts wil 
lost 
The jlation of m 
following assumptions 
\. Holding times per mes 


dom about an average 


5. Fundamental Plans 


5.1 GENERA! 


svstem will 
having tent 
operation to 


pared to proceed Ww 


should be re lized 


probably have 


| 
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5.4 Finan Circuit Layours 


5.4.1 Generai 


The final circuit lavouts and assignments are 
developed from the preliminary plan and method 
of operation. Here, existing line routes must be 
taken into consideration but need not necessarily 
Since the 


manual relay 


be controlling preferred circuit layout 
differ for 


switching, each 


may tay relay 


automat will be 


separately 


5.4.2 Manual Relay 


In a system based on manual relaying, the 


number of times each message is handled should 


be reduced to a minimum to obtain the lowest 


cost of handling, speed up service, and minimize 


error probability This means direct circu 


wherever practical \s an example, if each 


message handling costs $0.035 and there is a 


traffic of 60,000 messages per year between two 


points, the relaying of this traffic at an inter 


) 


mediate point will cost 60,000 X 2 e 


indicating 2 


handlings per relay) X0.035, or $4200 per year 


Phis cost plus the annual charges on the equip 


ment that would be saved could provide 


through circuit 
For a manual relay system, the preliminar 


layout arrived at as described in 5.3 should be 


very close to the final plan. Such modifications 


as may take into account existing outside and 


inside plant facilities and desirable alternate 


routings, should be sketched in as a basis for the 


cost study. This cost study should include new 


lines, reconstruction of existing lines, new build 


ings, modifications to existing buildings, new 


transmission equipment testing equipment, 


switchboards, office rearrangements, as well as a 


valuation of the existing plant that will be part 


of the modernized system 


5.4.3 Tape Relay 


relay systems derive their advantage 


lape 


main factors: reduction in operating 


from four 


personnel, more rapid transit of messages through 
relay centers, efhcient use of trunk and tributary 


iCCUTAaCY bee 


At relay 


points, one operator can handle the switching of 


circuits, and an improvement in 


cause of fewer manual retransmissions 


SYS 


messages trom high speed tele 
taku tt ' {i 1 6to 10 
faking the piace of irom O to 


Orne 


channels 


extra labor is required 


manual system 
messages originating at switk hing center 
actual personnel reduction should amo 


roughly 80 percent. More-rapid transit 


relay centers results from the direct trat 


messages to outpoimny circu 


mcoming 


mitters through high-speed transofhice 


circuit utihzation 1s 


I fthoent 


full-duplex operation where required and 


100-percent storage at switching centers 


Tape relay systems substar 


require 


the cost ot 


creases in central-oftice equipment 


must be | iced wainst the 


operator 
! 


! 


which 


savings In the over-all picture, experience as 


shown that the cost of passing a message through 


a tape relay office is from 30 to 40 percent 
cost for manual rela Thus, in the exar 
manual relay, the cost for tay 


$4200 


under 
$1500 instead of 


trattn 


would be roughly 
reduction plus the greater 
circuits in relay systems 


trunk tape 


practi il to relay messages more freque rnitls 
extent the nut 


More 


increase i ti\ } number 


some 


reduce to 


loaded 


thus 


lightly direct freque 


re lay ing may 


circuits over the main 


reduce the over ill circu 


' 


Locations for ip 


so that 


( hosen 


tor these locations need 


major trafh 
Western I 
offices each serving 


is New York 


terminal offices and not t 


centers In 


centers 


traft 


interzone tralt« 


omces exe ept 


circuits will be 
direct tratty 


from the 


primarily 


economy, all relay 


by groups ot trun 


traffic needs 


5.4.4 Automatu 


leleprinter Switching 


The selection of a fundamental pla ‘ in 


automat system on a national scak 


Sswitk hing 


requires careful consideration if isfactory 
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results are to be realized. Since such a system 


provides direct connection between the calling 
and the called station, the problem of inter 
mediate handling of traffic does not arise except 
for overflow traffic. Experience indicates that 
territories to be provided with an automatic 
teleprinter switching system generally can be 
served best by dividing the territory into a 
limited number of major zones with groups of 
trunks interconnecting zone centers. These major 
zones usually are divided into subzones, or 
districts, with groups of trunks connecting the 
district centers to their zone center. Terminal 
offices in turn are connected to the district 
center. In some cases, district centers may lx 


nt 


connec ted direc tly to more than one zone cents -. 
or even to other district 
centers, if the trafhe ts 
sufimient to justify a 
reasonably sized groupof 
trunks. Two such ar 
rangements are shown 
in Figures Sand 6. Fig 


ure 5isa lavout tor one 


, whicl 


Figure 5 
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By referring now to Table 2 and using the 


total busy-hour traffic figures of Table 3, the 
number of circuits required for each link can be 
determined. This has been recorded in Table 3 
These circuit requirements are now transferred 
to the diagram, Figure 7, where the numbers 
alongside each direct communication channel 
show the number of channels required to handle 
the traffic at present, and at the end of 5, 10, and 
20 years, respectively. From these data, plans 
corresponding to Figures 5 and 6 can be con 
structed, taking into account the selected routes 
for the trunk circuits. Likewise, it is now practical 
to determine the number of voice frequency 
systems that will be required at present as well 
as at future periods. For this purpose, a maxi 
mum of 18 channels per system should be used 
and intermediate repetition of signals at tele 
graph frequen¢ ies should be avoided on interzone 
trunks as far as possible. From this information 
the number of telephone channels required over 
each part of the system is determined, giving the 
size of the wire plant needed to handle present 
and estimated future traffx 

Having determined the number of telegraph 
channels entering each zone and district switch 


ing center, the sizes of the switching centers are 


established and their costs « 
Iwo factors remain namely 
method of providing district-to-term 
circuits and the method of handlir 
traffic in cases of excessive loads 
special holidays ot other 
produce trathe volumes 
normal 

District-to-terminal-sta 
mally engineered on a service gl 
insure an over-all grade of service 
CASeS W here tr on these links 
than three circuits on the basis of 
i service grade of 0.005, some econ 
number of circuits required can be 
using separate groups of 
the terminal station. As there 
traffic availability on 
maximum immount 
capable ot sending ( 
ove all holding Tire 
calling, transmission of the 
a theoretical maximum o 
could be handled 
engineering SUP poses 


hour. Thus, if the busy-hour traffe 


ia & 


equally d vided by tween incoming rhe 
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limited area over a 
switching center with a resultant sav 
requirements, Also, within the tape 1 
automatic switching may be used to provid 
switching messages through the office without 
intervention of an operator. Accordingly 
advisable to consider caretully each porti 
proposed system with a view to selecting 
ot operation that will produce the best an 


economical results 


5.5 EQuIPMENT 


Up to this point, emphasis has been placed on 


obtaining for several methods of operation sound 


basi circuit layouts that meet present tft 


requirements and can be augmented wit 


extensive and costly rearrangements to 
later demands as traftic grows. It is next 
sary to consider the equipment that will be 
quired to enable each system to function 


ciently 


5.5.1 Transmission Equipment 

From Sections 4.3 and 4.4, it is apparent that 
for trunk routes requiring sizable groups of 
circuits voice-frequency carrier telegraph offers 
greatest economy Its advantages over other 
methods are striking, particularly where joint use 
can be made of circuits for both telephone and 
telegraph purposes. An examination of the circuit 
lavouts will en ible the « ngineer to dete rmine the 
number of telegraph circuits required over each most modert 
portion of the system, the number of carrier systems 


systems required to furnish these circuits, and quency 


le { 


the terminals between which such systems shoul requet 


be operated. If the number of carrier telegraph — superit 
systems over any link is such that multichannel 
carriet telephone systems are required it should 
be remembered that the telephone channels can 


be connected through, either at carrier fre 


quencies or at voice frequencies, to provide 


through circuits. It is thus practical to combine 
voice circuits, single ind multichannel carries 
telephone circuits, and voice-frequen 
telegraph circuits operated over wire li 

radio links to meet a wide variety of 


requirements 
iy 


At voice-frequency carrier system terminals, board and patch 


the channels of one system can be connected terminal and repeater stations 
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available, it is preferable to use it as the primary 
source. Most modern equipment is designed to 
operate directly from alternating-current power 
mains 80 that, generally, reserve storage batteries 
may be omitted. It is desirable, however, to have 
a gasoline- or diesel-engine-driven alternator for 
emergencies. These machines should be of sufh- 
cient size to provide full power for operating the 


\lso, 


emergency power supply should start and take 


ofhce, including emergency lighting this 


the load automatically in case of failure 


and should be capable of operation over extended 


power 
periods. 


6. Economic Selection 
6.1 GENERAL 


Having arrived at final fundamental plans for 
particular methods of operation, it is time to 
make economic and service comparisons, In these 
comparisons, it is essential to keep in mind that 
the ultimate object is to provide the fastest 
prac ticable service at the least possible cost. To 
the 


capable ol giving the required speed ol service, 


determine most economn al arrangement 


it is necessary to take into‘account all factors en 


tering into the cost of doing business, namely 


\. Annual charges including interest, insurance, taxe 


depreciation on first cost or capital investment in 


radio stations, right of way, equipment, and buildings 


ncluding materials, labor 


B. Maintenance 


supervision, and acdminist 


charges, 


ration on lines, radio stations, 


equipment, and buildings 


C, Operating costs, including direct supervision, 


administration 


wages, 


ind supplies 


D. Social security or other taxes not otherwise included 


of leased lines, radio channels, equipment and 


E. Cost 


buildings 


After first costs of the systems under con- 


sideration are determined, annual charges, 


maintenance costs, operating costs, and other 
costs should be computed. Estimates should also 
be made for the 5-, 10-, 


With these figures available, the various methods 


and 20-year intervals 
of operation should be compared and the method 
that fully meets requirements and promises to 
produce the best results economically should be 


adopted as the basic fundamental plan. 
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Pi 


6.2 Cost ESTIMATES 


Since the cost comparisons relerred 


are to be made during the 


: 
j 
i 


if not all, of the costs will be on 


' 
general are well 


basis. Line costs in 


ind can usually be estimated with considerable 


ned 


Radio-station costs can be determ 


\y peal itus 


accuracy 


once the type of installation is knowt 


transmission equipment costs 


and 


obtainable and, once quantities ire ¢ 


and general office layouts visualized, over-all 


reciavion 


equipment costs can be estimated. Dep 


rates and maintenance costs for lines, equipment 


buildings, etc. are well established. Considerable 


care, however, must be exercised in visualizin 


personne! requirements lor the various ¢ perat 


arrangements, if reasonably accurate estimates 


of operating costs are to be realized. Considera 


tion must be given to the ad apt ability of existi iy 


hods and 


personnel to learn new operating me 


techniques Training ol new personne! may be 


required. It is thus important that engineers and 


others m iking these cost comparisons of a 


fundamental plans have broad experience 


i] 


work and that use be made of all awailable relia 


information relating to the various n 


methods of operation 


Facsimile in Telegraph Service 


Facsimile has long been thought 


desirable method of transmitting recorded 


formation. However, for long-distance operation, 


circuit costs have proved too high for trunk-line 


service. On the other hand, in local areas where a 


pair of wires is normally provided for telegrapl 


service between outlying local ind a 


points 
central telegraph othce, the circuit cost ceases to 


be controlling and facsimile provide 5 


tractive operating features. One ol 


important is that operators with a b 


of training are not required. Recently 


} ] 


which are simple | 


units, relatively 


1 
and reliable, now offer 


message pick-up and delivery 


tween main telegt ph othees and 


offices or important customers 


States, trials are being made facsimile 


recorders mounted in motor cars for deliver 


ing telegrams to the public, particularly in 





to obtained. Generally 
iir terminals, major hotels, 
major b 


and 


usiness activity are good 
These branch offices should be con 
the central telegraph office either by 
tubes if distances are short, or by 


ter or facsimile circuits 


9. 


Implementation of Fundamental Plan 


9.1 (GENERAI 


ip to this point has 


nd fundamental plan 


yicture of the ultimate 
successful, modern, 
is to be 
establishment of 


ot 1 


a fundamental 


telegr iph service 


realized 
the 
1 first step and there remains the 
problem of converting existing - plant, 


setup into the new 


if 
~ it 


and operating 


lo accomplish t is essential to 
those the existing system 


new system, those 


those that must be 


modernization 


standards. This 
outsic plant 

th transmis 
maintenance 

nt, standard operat 


office arrangements, 
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the planning 
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modern 
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is to 


step while 
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9.3.1 Outside Plant 


No telegraph system can be expected to 
function reliably and efhciently without adequate 
ind highly stable circuits. This is especially true 
where tape relay or automatic teleprinter switch 
ing are emploved. Thus, the first approach is a 
careful review of outside plant and a determina- 


This 


when 


tion of the changes that must be made 


should be followed by a schedule of 


the 
Here 


to obtain 


changes are to be made since, obviously, 


job cannot be done at 


should be 


maximum benefits at the earliest possible mo 


whol one time 


m ide 


again, an attempt 


ment. In addition to major scheduled changes, 


all normal routine rebuilding and maintenance 


work should meet the new standards. It may 


also be necessary very early in the project to set 


teaching 


imstruction tor proper 


up courses ol 


construction and maintenance methods to pro 


duce high-quality results 


9.3.2 Inside Plant 


What is true of outside plant is likewise true of 


inside plant. Changes should be carefully en 


gineered and scheduled to obtain maximum early 


Where carrier 


into a plant, it ts 


benefit operation is to be intro 


duced essential that those 


responsible for its installation, operation, and 


maintenance be thoroughly trained for their 


work Schools for 


desirable if not al 


are highly 
Since 


such training 


solutely essential tele 


printers and similar equipment form the principal 


operating-room apparatus, training of both 


operating and maintenance personnel must be 


given careful attention 


9.3.3 Operating Room 


Special consideration must be given to equip 
Different 


different 


ment- and layouts 


operating-room 
methods of operation require radically 
arrangements of operating and equipment rooms 
Layouts should be made with the final require 
ments in view, allowing adequate space for 
growth. Special attention should be given to the 
flow of traffx 


handling and other time-consuming operations 


through the office to minimize 


Special rooms should be provided for filing and 


delivery of telegrams by telephone. These rooms 
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should be carefully planned to elimin 


ind confusion. Soun: 


Fos 


ry ll 


special allotter equipment i 


delays 


treatment is desirabl 


necessary 


mMmcomn 


imsure 


answered in the order in which they ar 


In larger offices in particula wequat 


rest I locker room 


should be made for 


In many cases tor restaurant or caleteria & 


9.4 SUMMARY 


moc riza 


lanned bu 


lo summarize, every i 


should be not only carefully p 


step should be properly engineered and sch 


so that, as each part is completed, it 


1 coordinated whole without expensive 


turbing changes and with littl or ne 
to normal operations, So pl inned and executed 


‘ ' 
such projects can produce i thoreughl modern 


efficient, and satisfactory telegraph system 
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Carrier Telegraph System Using Frequency Modulation 
fray} ; ¢ | 


By JATLOW 


Federal 


Te phon 


} 
mech iumcal character 


“A LECTRI 


mtics of 


\l ind 


the 9-#-J carrier telegraph sys 


tem, employing frequency-shilt modula 


tion, are discussed Sending and 


receivinig 
19 
the 


channels may be stacked to provide up to 


two-way high-quality teleprinter circuits in 
spectrum width of a single voice-frequency tek 


phone channel (300-2750 cycles per second 


1. General Description 


\ voice-frequency telegraph syster 


has been designed 


Carrier 


to answer the need for a hig 
quality teleprinter communication system pro 
viding up to 19 channels of full-duplex teleg 
phy 


catior 


It is suitable for application to 
links, 
) 


circuits from which a 4-wire or 2 


raphy 


lines, radio or carrier communi 


wire telephone 
circuit can be derived 

By the use of specially designed separation and 
filters, telegr iph 


be 


speech-plus-duplex 


directional up to 6 duplex 


added 


system 


to channel 


«at speech 
This is 


upper 


channels may 


accom 
plished by separating the par 
of filters 


Che 


number of telegraph channels to be 


spect h channel by means 


for greater 


idded 


reduced 


this portion telegraphy 
the 
more the speech band must be 


ob 


the loop-control 


A multichannel telemetering svstem is 
by 


and 


the elimination of 
the 


signaling relays may be mounted on the carrier 


tained 


tele graph power supplies The 


panels 
channel-terminal panel or on a separate panel 
depending on the type of relay used 

Frequency modulation is employed, which 
results in a system practically immune to sudden 
or slow changes in received signal level within 
its entire range of sensitivity, and also gives a 
greatly improy ed signal-to-noise ratio over exist 
ing amplitude-modulation systems 

Table 1 shows the frequency allocations of the 
The x0 


various channels. space frequency is 
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init DAaSsIS 
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aif i ul i 


panels vd power supplies are also arra 


' 


maximum flexibility, permitting the 


of only the equipment needed for 
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aem f 


acqu sition oO 
trait 
18&-channel telegr iph termin 
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S-inch 
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irrangen 


48. 26-centimeter 


col diff 


worm to erent 
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n Figure 1 


maintenance is ach 


channel | 


Minne! Day is shown 


[ eved 


ind active components, § 


th it 


iCCcess 


mounted on the rear of the panels 


sealed components are used thro 


\ complete installation inclu 


Pable 2. A rack of 


de veloped for the maintenance of 


ment listed in 


illustrated in Figure 2 
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CHANNEL 


CHANNEL 


TERMINAL STRIP PANEL 


COIL AND FILTER PANEL 


TELEGRAPH POWER 
SUPPLY (+) 


TELEGRAPH POWER 
SUPPLY | ) 


SUPPLY 
VACUUM TUBE POWER 


FUSE PAWEL 


COMMON AMPLIFIER 


| RECEIVER PANEL 


TRANSMITTER PANEL 


LOOP-CONTROL PANEL 


METER PANEL 


‘ JACK PANEL 


Figure 2—Rack of test 
equipment for system main- 
tenance. From t p to bottom 
are frequency standard, 

pe, transmission- 
ring set, dotter, and 


ot 





FREQUENCY-MODULATION 


2. Channel Equipment 


\ transmitter panel, receiver panel, and loop 


control panel are required for each channel 


terminal. These are discussed below 


2.1 TRANSMITTING CIRCUIT 


Figure 3 shows a simplified schematic diagram 
including a portion 


full 


of the transmitting circuit, 


of the telegraph loop-control circuit for 


{ +IDO VOLTS 


130 VOLTS 
Srace 


Stwoing 


LOOP keer 
TELEPRINTER CuRRERT 


ETeCARD 


POLARIZED 
SEMDING RELAY 


duplex transmission. As mentioned above, one 


such circuit is used at each channel terminal, and 


ill are alike, except for the values of the fre 


rABLE 2 


Carrick TeLeGcrara EQuiIPMENT ON RELAY 


Channel }u 
Transmitter 
Receiver Panel 
Common Amplifier 
lelegraph-l oop Control 


Panel 


Power Supplies 
For Telegraph Loops 


For Vacuum. Tube ¢ 


Miscellaneous Equ 
lerminal-Strip Panel 
Fuse Panel with Alarms 
Coil and Filter Panel 
Jack Panel 


Meter Panel 


pment 


Test Equipment 
Transmission- Measuring Set 
60-Cycle Freq sency Standard 
2-Inch Oscilloscope 
Dotter 
Relay 


One set of test 
equipment 
per ofhce is 
recommended. 


Test Set 


* One mounting space on a standard 19-inch relay rack 
is 134 inches (4.45 centimeters) 
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2.2 RECEIVING CIRCUIT 


Each receiver uses a filter to select its proper 


band of frequencies from the combined signal on 


the line. A characteristic curve of such a filter is 


given in Figure 4. Figure § illustrates the circuit 
of a receiver, including a portion of the telegraph 
loop-control circuit for full-duplex reception 





terminal sensitivity of 


itt is sufficient in all 
telephone channel is used 
im. Where physical lines 
itivit is often desirabl 
than penalize each 
with an additional 
mmon amplifer was 
ihead of the receivers 
n with 600-ohm input 
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coupled circuit with 
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loop-control panel 
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from a 115/230 volt, 60-cycle source, and delivers such a direction 


up to 1.5 amperes at 130 volts, +1 percent. A the thyratrons an 


simplified schematic diagram is given in Figure 6 rect value 
To prevent distortion of the direct-current Strapping 


telegraph signals due to changing power-suppl 


DISCRIMINATOR 2-€415 
atceiving 
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AECEIVING > 
Lime cimitee 
(esi) 


PRiRrer 
magnet 


load, particularly where several direct-« 
telegraph loops are operated from the irre 
supply, good regulation and dynamic character 
istics of the telegraph power supplies are ol 
great importance 
\ good dynamic characteristic of the output 
is obtained with the use of ELC3/ thvyratrons 
followed by a high-capacitance resi 
capacitance filter in the 
output circuit. Regula 
tion is obtained by (A 
the use of a 90-degree 
phase-shifting network 
that changes the phas« 
of the grid voltage with 
respect to the plate 
voltage of the thyra 
trons, (B) a constant alteawatiag- 
reference voltage ob CURRENT PHASE-SHIFTING NETHORE 
tamed across the VR surrty 
105 regulator tube, and 
(C) a portion of the di- 
rect current output ap- 
plied in series with the 
phase-shifted grid volt serseeues 
age. Any voltage : VOLTAGE 
change at the power 
supply output acts in 
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115/230-volt, 50/60-cycle 


‘ stal-controlled of » . . 
210 wull iperes at 220 vol d up t , rystal ntrolled 60-cycle lrequency 


un +0.01 percent 


IM peres 
are used together 


method for accuratels 


Test Equipment 


proper trequency 
ncies of each of the 
ntegral multiples 
the 60-cycle standard 
Mw Ose lloscope defile 
i channel trans- 
correct mark and 


mined by two 


vacuum-tube 
hat produces 
ig up direct 
IR versals 

corresponding 


nd 100 words 


ing the electri il 
wv Western Electric 


tting and 


FROM MID BAND FREQ 
showed that at 60 
ion ranged 


words pet 
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the distortion between 2 and § 


and at 100 words per minute, between 


minute was 
percent 
4 and 9 percent 

Tandem operation of 6 random channels at 
60 words per minute produced a total distortion 
of 20 percent 

The 
quency-modulation 


advantages and disadvantages of fre 


versus amplitude-modula 


tion telegraphy have been covered to a great 


extent in previous literature. The main points of 
consideration, when comparing the two methods, 


have been 


slow and sudden 


4. Effects of 
plitude 
luding effect 


interference (in 


B. Effects 


of nom 


ning and other disturbances 


{ Effects of variation of the 


The performance data of the present system with 


respect to these 3 criteria follows 


5.1 AMPLITUDE VARIATIONS 


receive! 


the 


The amplifier-limiter circuit of the 
dis 
Phe 
the 


slow 


constant output to 


panel presents a 


criminator for all levels above 25 decibels 


action of the limiter ts instantaneous, and 


therefore, withstands sudden or 


system, 
level changes over its entire range of sensitivity 


without noticeable effect on distortion 


5.2 INTERFERENCE From Notst 


Figure 7 was obtained by 


Phe 


determining 


curve ot 
the 
level that introduces approximately 


interlerencse 


4 percent 


single-frequency 


distortion in a telegraph circuit sending a miscel 


“Quick brown fox’’) at 75 words 


laneous signal 


minute (28 cycles), and adjusted to a 1 


per 
milliwatt level 

It can be seen from the curve that at the space 
and mark frequencies of a channel, i.e., in the 
pass band of the channel receiving filter, a single 
interfering frequency must be 20 decibels below 
the signal level to introduce 4-percent distortion 
Outside the pass band of the filter, the signal-to 
At the adja 


the interfering frequency may be 


noise ratio improves very rapidly 
cent channel, 
3 decibels, and at the next removed channel, 15 
decibels above the signaling level without in- 


troducing objectionable distortion. It may be 
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I he 
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disturbing the frequet 


without 


cycles) between then Such a 


caused by variation of the « 
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both fh 
when no 


B the 
the 


system is operating. In 
the 
whatever was made, and curve 


the 


represents condition 


condition 


when receive-bias control on channel 
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before service fails. The lower curves of Figure receiver sen 
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6. Applications 
lypic al ipplic itions of the 9-#-/ system are 16 nm = 2220 


shown in Figures 9, 10, and 11. In Figures 10 fm = 2460 ind 19 (f= 2580 
and 11, a common receiving amplifier (shown in filters with a crossover frequency 


Figure 9 only) may be used to increase the cycles. 





Multicathode Gas-Tube Counters 


By G. H. HOUGH 


und D. Ss. RIDLER 


iCTOSs R2 
charged 
he potential 
now, a positive pulse 
cient amplitude to 
gap except when 
tube C7TB 
urrent will flow 
na depress the 
s charged and C3 
A is reduced 
with propet 


inguished 


Ne ind R3 in series 


Rk 


6 and prepares 
s tr voered by a 
to CTD and so on 


we CIN priming the 


it is ot interest 

trigger gas tubes have 

ce so-called reversible counters.‘ 

tube primes both the 

i the following tube, each priming 
ij 


isociated with a pulse lead, sO 


tube 


ias method 


nit between 


in speed of 


I 
in complexit 

that all these 
ition upon a 


which, when 
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MULTICATHODE 


combined with a pulse, causes a following tube 
to hre 
Despite the flexibility of the individual tube 


counter, designers felt the requirement for a 


design that combined the known advantages of 


the cold cathode counters with higher speed and 


a singtie 
could be 


Was 


greater simplicity. The inclusion within 


envelope of a number of counting gaps 


practical only if the mechanism of count 


simple and flexible. It is interesting that one 


multipoint tube was m wle on the gener il princi 


je of the individual-tube counter but was not 
j 


considered a serious competitor to its parent 


types 


1. Introduction to the Multicathode Tube 


In 1946 the potentialities of the use of a 


priming discharge to influence the breakdown 


voltage of an adjacent gap were appreciated 


by A. H 


physical processes involved was initiated. It was 


Reeves and an investigation of the 
known that a priming discharge could be used to 
stabilize the breakdown voltage of a gap, and it 
was in the extension of this effect that the major 
effort was expended. It was immediately appreci 
ated that the priming gap need not be completely 
physically separate from the primed gap since a 
common anode electrode could be used. The type 


of assembly used in the study of these effects is 


) 


shown in Figure 2. The cathodes consisted of 


flat-ended nickel wires that were either painted 


* A. H. Reeves, British Patent Application 22,140/46 


GAS 


orected through 


iS mica, to restrict the yiow 


ch irye to the fop portion The inode was con 


structed of either a bar or a metal sheet formed 


in such a way as to prod ice ft ct ota bar, 


; 


Figure 2--Early tube using 


fluence the breakdown voltage of an ad 


a priming 
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transverse mica sheets visible in the photo- anode, which breaks down the AA2 gap 


Phe AK2 gap then takes over the priming 
\ 


graph 
The actual effect of a priming discharge is tion and primes the AK? gap to f 


Sarre 


measurable in terms of volts, and an obvious to which it was itsell 


parallel exists between the use of this method of The application of a further 


originally prim 


priming and that used in the counter shown in will then initiate a 
Figure 1. In this cnanting circuit, however, the in AA Zand so on until all the 


priming is in the forward direction only, whereas voltage developed across the 


the ionization coupling is symmetrical about a last cathode ¢ 


priming discharge. To produce the corresponding count of 4 in tl 
forward priming feature it 1s necessary to intro vice for generatin 
duce some type of asymmetry into the design of 

the priming gap. This can be achieved by the use 

of a suitably designed cathode, which will be de 

scribed later, but which in the meantime shall be fl fl he 4 i 


referred to as a ‘“‘directional”’ cathode 


2. Various Electrode Combinations 


The use of 1romization priming in combination 
with directional and non-directional cathodes 
gives rise to a number of possible configurations 
within one enve lope Each has a set of properties 
ind limitations that suit it for a particular field of 
application, and it is therefore proposed to dis 
cuss some of the possibilities 

he first arrangement of the multielectrode 
counter is similar to that shown in Figure 2. In 
this case there is a row of symmetrically situated 
cathodes protruding through a closely fitted 
aperture plate and equally spaced from the anode 
Figure 5 shows a typical circuit arrangement for 


, . Ps 
such a tube used as a counter. The anode A its the anode to 


connected through the secondary of a pulse tube to a 


second cycle 


transformer TJ to a positive potential that is 
This is essentt 


greater than the maintaining potential of the 


has been user 
gaps but less than their normal, or primed, break has been used 
| ! 


down potential Cathodes K2, K3, K4, and K5 to 200 kilocy 


ak if 
are earthed through series limiting resistances ‘4 are ol 


R2, R3, R4,and R5,and K1 isconnected through 


R1 to negative bias which raises the AA/ voltage 
rhis tolerances are 


of about 60 volts 


The limitations 


above the normal gap breakdown voltage 
gap then fires and remains as a permanent prim- registering ind 
ing discharge whenever the tube is in use. The limitation is th 
resistance RJ limits the current through the gap indicated by 


to some small convenient value, similar in opposed to the si 


magnitude to that taken by the other gaps when the low-speed counts 
they have been fired he next arrangemen 


he decay of @ with horizontal ©! auxiliary cathodes 


Because of t 


separation, it is possible to supply a positive between two main cat 


pulse of a particular amplitude and width to the *D. S. Ridler, British Pa 





ind so to A4 on its trailing ed 
transferred from the first 
second main gap AKkK4 


cathodes A2, K5, K& 
i K6é 
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A simplification of this split- 
input pulse system is shown in 
Figure 7B in which there is 
only one transfer cathode be- 
tween each main cathode. The 
transfer cathodes are alter- 
nately common and the input 
pulses are fed alternately to 
each input. Again it is the re- 
lation of these pulse trains that 
provides the sense of direction 

These counters are compli 
cated by the twin input pulse 
systems, and result in rather 
complicated tube structures 
ind external tube circuitry. 
The next two types illustrate 
the simplification that results 
from the use of directional 
cathodes, 

Figure 7C shows a tube* with 
directional main cathodes in- 
terspaced by non-directional 
transfer cathodes. A disc harge 
on KJ can be transferred to K2 
and so to K3 by a first pulse 
on CL. A second pulse on the 
common transfer cathodes can 
only move the discharge via 
K4 to K5 due to the dire 
tional property of K3. As in 
the simple case of transfer, it 
is the charge on the « ithode 
capacitor ol K3 that prevents 
the discharge retreating from 
K4 to K3 on the trailing edge 
of the pulse 

\ related tube is shown in 
Figure 7D in which both trans 
fer and main cathodes are di 
rectional. The capacitors are 
now no longer necessary to 
prevent a retreat to previous 
cathodes, and the tube becomes 
independent of external time- 
constant circuits. Such a tube 
is inherently faster than the 


previous type, which is neces 


sarily slowed down by the 


*G. H. Hough, British Patent Ap Figure 7D 
plication 25,487 /48 
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Figure 8-—The G/0/240E tube employs directional cathode 


lhe smaller units are trigger tubes. The coin is a British penny. 
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Figure 9-—Some of the components of the G10/240E 
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3.3 OperRatine Limits 


The minimum high-tension supply is deter 
mined by the minimum current necessary to 
establish a stable forward-priming discharge 
The maximum high-tension potential is fixed by 
the maximum current a cathode can take before 
1 second cathode breaks down in the absence of 
a pulse. This range is generally in the region of 
300 to 360 volts, but is determined partly by the 
choice of circuit components 

he following are ty pu al oper iting conditions 
for the type of tube described for a frequenc 
range of 0 to § kiloeycles, over which the pulse 
output from the cathode approximates to a 


square 


High Tension uy ply Voltage 340 + 3 Vol 
Transfer-Electrode Bias 75 Volts 
Shield-Electrode Bias 100 Volts 
Anode Load 27 000 Ohms 
Cathode Time Constant 15 000 Ohms and 
0-005 Microfarad 
120 Volts 


16 Microseconds 


Typical direct-current characteristics are 


Breakdown \ 
Anode rod 250 Volts 
\node— Trans thod 250 Volts 
Maintaining Potential 165 Volts 


Maximum Current 5-0 Milliamperes 


Figure 10-——These three multicathode tubes and their associated trigger tubes will coun 


Phe maximum operating frequen 
{ 


present design is approximately 25 
although under special conditions frequen 


40 kiloevcles have been used 


4. Circuit Application 
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Design of Single-Frequency Phase-Shifting Networks 


By LAURIN 


mune 


UITE 1 REOT ENTLY applications ire 
found for resistance- apacitance or re 
sistance-inductance phase-shifting net 
works consisting of several sections 
Reliance is normally placed on the rule of thumb 
an im 


that “each successive section shall have 


pedance 10 times the previous section.”’ By this 
assumption, loading is considered to be negligible 
and the phase shift per section may be calculated 
readily 

The difficult, 


work, however, is in the very high impedance of 


encountered with such a net 
the last section, making coupling to it a serious 
problem. An investigation was, therefore, made 
of the optimum characteristics of such circuits 
with full allowance for loading and resulted in the 
design curves of this paper 

to 


Assuming the ratio of reactance resistance 
to be the same for each section and equal to k, 
ind the impedance of each section being a times 
the impedance of the previous section, then the 
network of Figure 1 results 


The 


higuration 


this 
ot 


ot 


attenuation characteristx con 


as a function of the number meshes 
for a 180-degree phase shift, is also 


Phe a 


Cait h section 


V required 


shown in the figure * curve is the ideal 


case, where ms not shunted by the 


succeeding group. Obvious! the attenuation ts 


a direct function of the phase shift per section 


meshes used 


the 


the 


In 


when 


the output decreasing as fewer 


for the desired 180-degree phase shift 


ise Is obtained 


limiting cz no output 


ph ise change per section is 90 degrees (.N 


1. Over-All Design 


\n immediate consequence of applying the 
information embodied in Figure 1 can be illus 


trated in the following examples. 


for a 180-degree phas« 
10, k= 0.577 ik 


itput voltage ratio will then be 0.125 


In the usual rule-of-thumb case 


shift, 3 sections are chosen with a= (tan 


60 degrees The o 


Reference to Figure 1 shows that by merels 
k=1.0, tan! k=45 


adding one more section 


G. FISCHER 


degrees) the output is just doubled, while 


i ' 1 
two more sections nearly Uripies the ou 


B. Fo 
0 5 


By going to five sections of the a 


the output-to-input ratio goes up to 
| 


the impedance of the last section 1s onl) 


that of the first! 
ind \ ‘ 
obtained from Fig ire 


the 


' 
vaiue ot every 


Having chosen the a 
quired k « in be 


by merely choosing impedance of 


element, the element 


work ts determined. It is understood 


be positive of itive | ctive of 


neg 


without affecting the results. | 


circuit of the form shown 
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SINGLE-FREQUENCY 


In either event, R or Rr would go negative to 
preserve the constant-impedance characteristi 

Che complete design data are obtained from 
All sections preceding the last section 
il, while the 
the characteristic impedance Rr+ 
the X, 


and 


Figure § 
Vth section consists of 
iXr. For the 
X, R/Ry 


sele ting the 


are identic: 


previously chosen value of @ 
and Xy, found 
value of these 


the Phe 


appear in Figure 6 


Ry ratios are 
deter 


data 


any one of immediately 


mines others individual-section 


3. Conclusion 


Design data are listed for obtaining the most 


suitable phase-shifting network for any specifi 


application. When output-impedance values and 


voltage attenuation are important factors, the 


desirable trend is toward a network with more 
sections and a smaller impedance-multiplication 


ratio 


4. Appendix 


The curves of Figures 2 and 3 were derived 


from the following relation 


so = 60 
CHARACTERISTIC PHASE ANGLE $, IN DEGREES 


Figure 5-Complete design data 
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when @= 180 degrees, p is plotted as 
N for Figure 1, and & is plotted as ; 
NV for Figure 2 

For the constant imped ince networ} 
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also the sb 


much neater input 


IX; is 


tion 1s 
Z7 Ry T 
Hence 


Rr+jXr=R+4 
Rs 
From which, equating real 
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Theory of 2n-Terminal Networks with \pplications to 
Conference Telephony 


By VITOLD 


resistances 


T! PFWORKS composed ot 
and ideal transformers, simultaneously 


matched at ail their terminal pairs 


to a given set of resistances and having pre 


scribed losses between the variocs pairs of ter 


\ method of design based on 


the efficiency matrix is applied to 6-terminal and 


minals, are treated 


some important classes of 8-terminal networks 


Results in the theory of transformer networks 


are applied to the design of new networks of 


practical importance for conference telephony 
Matched nondissipative networks interconnect 
loss of 


ing m telephone circuits and giving a 


10 logyo(" — 1) decibels between all their terminal 


pairs are constructed for various values of nm 
Transformer networks suitable for interconnect 


ing 4-wire circuits are also discussed 


The restrictions imposed by physical realiza 
bility on the attenuations between the various 
terminal pairs of a passive network have been 
discussed in a preceding paper.' In the present 
paper, matched networks with prescribed at 
tenuations that are independent of frequency are 
studied in greater detail 

Section 1 is devoted to general theoretical rela 
tions in 2n-terminal resistance and transformer 
networks. The synthesis of nondegenerate net 
works is based on a relation between the effictenc 
matrix (also called scattering matrix®) and the im- 


i 


pedance (or admittance) matrix already proved 


in the preceding paper. A different approach is 
needed in degenerate cases. This is described for 


idea! transformer networks in Section 1.2 


' V. Belevitch, “Transmission Losses in 2n-Terminal Net 
works,” Journal of A pplied Physics, v. 19, pp 636-638: 
July, 1948 

Cc G. Montgomery, kK H 
“Principles of Microwave Circuits,” 
Company, New York; 1948: p. 146 


Dicke, and E. M. Purcell 
McGraw-Hill Book 
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In Section 


apphed to the d 
symmetrical 8 
conjugate & pole 
called ‘‘resistance hy! 
Section 3 deals with conference net 

with matched networks having the same atten: 


" j 


between ili Couples of termin 


tion 
nminimun ttenuation is shown 
ior n= 3 

networks flor n 

ind in iin 


he 


the rm 


networks 


particular 


loss j decibel 10 log 


dissipative and the 


trom the 


merely results 


raises the 


question of 


such an ideal confe 


unswer has not 


the so 


steps toward 
i 


s devoted 


networks 


1. Theory of Resistance and Transformer 
Networks 


1.1 SYNTHESIS OF NONDEGENERATI 


Let Oy. A yo +jB,, be the prescribed 


/ 


constant between terminal i 


resistive 


pairs 


pq 18 expressed in nepers and B,, (0 
Define 


network in radians 


matrix S of order by 


fos 

for 
According to reference 1, S is the effictency matria 
of the network operating between its image im 
the normalized im 


pedances and is related to 


pedance matrix Z of the network by 


Z t(Z+E) 


231 
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1.2 TRANSFORMER NETWORKS 


The most general 2n-terminal transformer net 


work is represented in Figure 1. The circuits of 
the m terminal pairs are coupled by means of a 
number p of n-winding transformers in series 


Such a 
between the circuits is perfectly general, since 


network without physical connection 


any connection can be simulated by transformers 
with unit ratios 

Call b,, the 
of the ith transformer that is in the circuit of the 
If the matrix® A 


number of turns on that winding 
jth terminal pair pun 


of rank p, the 


independent relations between the cu 


transformers introduce f 


A is of rank r <p, the relations are not line: 


p-r transiormers are super 


independen ind 
the case of inde 


Phe 


largest number of independent transformers that 


fluous. In the following, onl, 


pendent transformers will be considered 


can be incorporated in a 2n-terminal network is 
ind the network is equivalent to m separate open 


Phe 


corresponds to m separate short circuits 


| other extreme case 0 


termina pairs 


It will now be shown that in the general case 


of p independent transformers (0<p<m t i 


1 windings on each 


transformer without altering the external proper 


The 1 is 


possible to reduce to zero p 


ties of the network network of Figure 


then replaced by the canontc transformer network 


ving » rows and an col 


\ re tang ilar matrix hav ny 


Hed a (P.9) matrix 


of Figure where each transtormer h 


{+1 windings. This transtormatio 


suitable change in the turns ratios that 


form a (p,f) matrix ‘ 


each transformer be 


ber of turns equal 
interest, an arbitr 


Imposed on 


To y tt 


A is split into two subm 


COM poses ol the 


order 
with det 


! 
minal 


peiirs 
solved in / 


by AN 


and obviousls corres| 

figuration ot wure 

the usual 

transtormer 
loobtaint 
voltages irrents will be 

equivalently, all terminal resistances | 

1 ohm 
s sufficient ace n by " 
The 


' . 
soiviny. the 


equal to For other . 


1oOns matrix 


subsec uc nt equi 


isin reference | network 


combined w terminal condition 


is rmiac terms of submatr 


r order. b 





8B iN DECIBELS 


wo 


| 
| 
| 


AIN DECIBELS 


eorem 


the 


a transformer nctwork 
independent transformers 


the number of lerminal pairs. 


consistent with the preceding 


2¢ nm is indeed odd or even 


mn and m, since ~ can 


Ihe proof is equivalent to 


10 


is a square of order 
p. If p>t, any eigen 
VA 
tion 

VN 
VN’ with 

remau 

- 


not eig 


} 


his results 


thoug h of 


minor 
minor ol a 

V by f Ll 
msequence, the 
neluce those ot 
f supplemen 
proves (10 
ition (9) and 


lculated from 
reflection coeth 


7erTo tot il reflec 
1. For such net 
of terminal pairs 
Dp and the 
etheiency matrix 


nto 4 


iatrix of order p. Con 


known and satisfy the 


(12 





rHEOR YY O} 2 g I 2 
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